Background: Positive or equivocal margins after wide local excision (WLE) complicate surgical management of cutaneous melanoma.
T he standard treatment for primary melanoma of the skin is wide local excision with margins including uninvolved skin. 1 When melanomas are excised with inadequate margins, local recurrences develop at a high rate within the surgical scar. 1, 2 Locally recurrent melanomas might have a more advanced stage and a worse prognosis compared with the initial primary melanomas. [3] [4] [5] To avoid local recurrence and tumor progression, most melanomas with positive margins undergo additional excisions. 1, 5, 6 After excisions and reconstruction, subsequent microscopic assessment of the margins and reconstruction often are more complex. 7 Moreover, incomplete tumor removal might provoke patient anxiety. Patients place highest priority on complete skin cancer removal, 8, 9 and the fear of recurrence ranks among melanoma patients' greatest concerns and sources of distress. 10, 11 This cross-sectional study reviews a large cohort of melanomas to assess risk factors for positive or equivocal margins after conventional wide local excision. Identifying risk factors for positive or equivocal surgical margins might help to improve surgical management of melanoma. Melanomas at low risk for positive margins might be expected to have successful outcomes after conventional wide local excision and immediate reconstruction. By contrast, melanomas at high risk for positive margins might benefit from microscopic analysis of the margins with techniques such as Mohs micrographic surgery with frozen-section melanocytic immunostains 12 or exhaustive margin control with formalin-fixed paraffin-embedded sections before reconstruction. 13, 14 
METHODS

Experimental design
This retrospective cross-sectional study was approved by the institutional review board at the Hospital of the University of Pennsylvania. Inclusion criteria were age $18 years, biopsyproven melanoma whose diagnostic biopsy and excision specimens were interpreted by a boardcertified dermatopathologist at the University of Pennsylvania between January 1, 2008, and December 31, 2013. All biopsy-proven primary melanomas included in the study were treated by a University of Pennsylvania Health System provider with conventional WLE, which was defined as excision of melanoma with a documented margin of clinically normal skin and immediate reconstruction, followed by microscopic assessment of the margin via formalin-fixed paraffin-embedded breadloaf tissue sections. Cases were included only when the WLE was done after the preoperative biopsy confirmed the pathologic diagnosis of melanoma. Excisions done for diagnosis, rather than treatment, did not qualify as a WLE. Eligible cases were identified via a search of the Dermatopathology Database for ''melanoma'' and ''lentigo maligna'' (LM), which resulted in the identification of 7657 pathology reports containing either term in the line diagnosis. Review of the medical record identified 1345 melanomas that met inclusion criteria for this study. Each melanoma included in the study accounted for 2 reports: 1 pathology report for the diagnostic biopsy and 1 report for the wide local excision. In addition, some melanomas had multiple preoperative biopsies and some pathology reports were from reexcisions for positive or equivocal margins. Most of the remaining cases were excluded because either the diagnostic biopsy or the WLE specimen was interpreted by a physician outside of the University of Pennsylvania health system. If patients had [1 melanoma, all eligible melanomas were included. An a priori study size calculation was not performed to determine the desired sample size.
Data collection
Study data were collected and managed using REDCap electronic data capture tools hosted at the University of Pennsylvania. After verifying that a melanoma met the inclusion criteria, clinical notes and pathology reports from the diagnostic biopsies and WLE for each patient were reviewed. The following data were recorded from the clinical notes and pathology reports: biopsy method, anatomic location, patient age at biopsy, patient history of melanoma, previous attempts at definitive treatment of the lesion, size of the surgical margin, and histopathologic characteristics of the melanoma (presence or absence of residual melanoma in the excision specimen, invasive versus in situ disease, Breslow depth, mitotic rate, ulceration, regression, LM subtype versus other subtypes). If multiple scouting biopsies had been performed before the WLE, the number of scouting biopsies was recorded, and the tumor was Melanomas at high risk for positive margins might benefit from surgical techniques with more exhaustive microscopic margin assessment before reconstruction.
classified according to the most advanced tumor stage. The pathology reports of the WLE specimens were reviewed for the presence or absence of positive or equivocal margins. Positive margins were defined as melanoma extending to the inked surgical margin of the WLE specimen and documented by a pathologist using microscopic examination. Equivocal margins were defined as melanoma extending close to or very close to the surgical margin of the WLE specimen, and they were documented by a pathologist. For 32 cases, operative reports and clinical records did not document the size of the clinical margin of the WLE.
Data analysis
The frequency of positive or equivocal margins was calculated and correlated with patient demographic characteristics, anatomic location (trunk and extremities vs head, neck, hands, feet, genitals [including the nipples and areola], and pretibial leg), histologic characteristics of the melanoma on the diagnostic biopsy specimen (invasive vs in situ disease, regression, and lentigo maligna histologic subtype vs other subtypes), biopsy method (excisional vs other), biopsy specimen margin positivity (lateral or deep), and compliance with recommended WLE margins. Anatomic locations were classified according to the consensus guidelines for appropriate use criteria (AUC) of Mohs micrographic surgery. 15 Margin compliance was determined by comparing the surgical margin in the operative report with the consensus recommendations for surgical margins for WLE. 16 For consensus surgical margins with a range (ie, melanoma in situ with 0.5-1.0ecm margins or tumors 1.01-2 mm thick with 1-2 cm margins), the lower end of the range was used as the standard. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Univariate logistic regression was used to identify potential risk factors for positive or equivocal margins. Multivariate stepwise logistic regression with a prespecified cut-off of a P value $.200 was then performed to reduce confounding. The predictive performance of the model was evaluated by assessing calibration via Hosmer-Lemeshow goodness-of-fit test and determining discrimination via the area under receiver operating characteristic curve. Data from the 32 cases without documentation of the size of the surgical margin of the WLE were assumed to be missing completely at random and were censored from the stepwise complete case multivariate regression analysis. With each iteration of the stepwise regression analysis, the risk factor with the highest P value was sequentially removed from the multivariate model until no variables remained with a P value $.200. All data analyses were performed using STATA version 13 (StataCorp, College Station, Texas). A sensitivity analysis was conducted to determine whether the multivariate analysis was impacted by the 32 cases without documentation of the size of the clinical margin. The missing clinical margin data were imputed using mi impute in STATA using 30 imputed data sets. Table I documents the demographic data and clinicopathologic characteristics of melanomas included in this study. Table II documents the clinicopathologic characteristics associated with positive or equivocal margins.
RESULTS
The overall frequency of positive or equivocal margins was 4.2% (56/1345). Forty cases (2.97%) had positive margins, and 16 (1.19%) cases had equivocal margins. The 16 equivocal margins were clinically relevant, since 10 underwent re-excision, and 1 was treated with adjuvant radiation. Of the 5 equivocal margin cases that did not undergo re-excision, 2 developed local recurrences.
The frequency of positive or equivocal margins ranged from 2.2% to 22.6%, depending on the size of the surgical margins, patient characteristics, biopsy history, and the clinicopathologic characteristics of the melanoma. The peripheral margin was the exclusive site of involvement in 83.9% (47/56) of cases. Both peripheral and deep margins were involved in 12.5% (7/56), and the deep margin was exclusively involved in 3.6% (2/56) of cases.
In descending order, the risk factors associated with the greatest odds for positive or equivocal margins after multivariate analysis were noncompliance with recommended surgical margins (OR 5.57, P = .002); anatomic location on the head, neck, hands, feet, genitals, or pretibial leg (OR 5.07, P \ .001); histologic regression (OR 2.78, P = .007); in situ melanoma (OR 2.27, P = .011); multiple biopsies at the tumor site before WLE (OR 1.92 [per biopsy], P = .004); and increasing age (OR 1.049 [per year], P \.001).
Sensitivity analysis demonstrated that inclusion of the 32 cases without documentation of the clinical margins did not alter results of the complete case multivariate analysis. The same risk factors were significantly associated with positive or equivocal margins and had similar odds ratios with or without these 32 cases (Supplemental Table I ; available at http://www.jaad.org).
Modeling the risk for positive or equivocal margins with the aforementioned clinicopathologic risk factors results in good discrimination between cases with positive or equivocal margins and those with negative margins (AUC 0.8493). Observed and predicted probabilities are similar as evidenced by the Hosmer-Lemeshow goodness-offit test (P = .8671).
About 97.6% (1282/1313) of patients had WLE surgical margins that complied with consensus guideline recommendations. Narrower than recommended surgical margins were used in only 2.4% (31/1313) of cases, including 10.8% (4/37) of melanomas on the hands and feet, 5.1% (10/197) of melanomas on the head and neck, and 1.6% (17/1077) of melanomas on the trunk and proximal extremities. Patients had more than quadruple the risk for positive or equivocal margins if they were older versus younger than 60 years (multivariate analysis, OR 4.51, 95% CI 1.99-10.19, P \ .001). Melanomas had more than twice the risk for positive or equivocal margins if patients underwent [1 versus a single preoperative diagnostic biopsy (multivariate analysis, OR 2.34, 95% CI 1.14-4.79, P = .020).
DISCUSSION
The 4.2% (56/1345) overall rate of positive or equivocal margins after conventional WLE of melanoma in this large cross-sectional study is on the lower end of the rate in previous publications. 5 The widely variable rates of 2.2% to 22.6% among patients in our cohort indicate an opportunity to stratify patients into low-risk versus high-risk for positive or equivocal margins, according to size of the surgical margins, patient characteristics, biopsy history, and clinical and microscopic features of the melanoma (Table II) .
Noncompliance with recommended surgical margins was the most powerful predictor of positive or equivocal margins after WLE. Positive or equivocal margins occurred in 22.6% (7/31) of melanomas excised with narrower than recommended surgical margins, compared with a rate of 3.2% (41/1282) for cases with compliant surgical margins. Narrow surgical margins are a well-documented reality for melanomas in cosmetically and functionally sensitive anatomic locations, [17] [18] [19] [20] and they might increase postoperative complications and local recurrence rates. 21 When narrower surgical margins are necessary for anatomic considerations, specialized surgical techniques with complete microscopic margin evaluation might be useful to detect and remove positive margins before reconstruction. 12, 22 Anatomic location in functionally or cosmetically important areas was the second most powerful predictor of positive or equivocal margins after WLE. The absolute incidence of incomplete excision was 11.5% (32/278) for specialty site melanomas versus 2.2% (24/1067) for melanomas on the trunk, nonacral arm, and proximal leg. Melanomas located on the head, neck, hands, feet, genitals, or pretibial leg had [5 times the odds for positive or equivocal margins compared with melanomas on the trunk and proximal extremities (multivariate analysis, OR 5.07, 95% CI 2.66-9.68, P \ .001). This increased rate of positive margins occurred despite the fact that surgical margins complied with recommendations for 94.7% (250 out of the 264 specialty site tumors with documented surgical margins) of melanomas in functionally or cosmetically important locations. Our cohort corroborates the work of previous authors showing similarly high rates of positive margins after wide local excision of head and neck melanomas (Table III) . 5, 6, [23] [24] [25] [26] [27] The high rate of incomplete excision is also consistent with previous studies associating these anatomic locations with an increased risk for subclinical spread 7 and local recurrence.
2,23,27-39 Specialized surgical management might be especially important for these melanomas because patients place a high value on restoring normalcy of these anatomic locations 35 and because complex reconstruction with a flap or graft is 10 times more likely for specialty site melanomas. 7 Confirming clear margins before reconstruction optimizes the accuracy of microscopic margin assessment and minimizes complexity of the reconstruction. 7 Microscopic characteristics, including the presence of regression and a diagnosis of melanoma in situ were the next-most powerful risk factors for incomplete excision. Regression was associated with almost triple the odds for incomplete excision (multivariate analysis, OR 2.78, 95% CI 1.31-5.89, P = .007). Regression (a term that describes the microscopic finding of replacement of tumor cells by lymphocytic inflammation as well as attenuation of the epidermis and nonlaminated dermal fibrosis with inflammatory cells, melanophagocytosis, and telangiectasia) often correlates with a clinical loss of pigment, which might translate to less distinct clinical margins. This finding merits further study, as no previous study, to our knowledge, has identified regression as a risk factor for positive or equivocal margins.
Compared with invasive melanoma, melanoma in situ had over twice the odds of positive or equivocal margins (multivariate analysis, OR 2.27, 95% CI 1.21-4.27, P = .011). This finding contrasts with previous studies demonstrating no difference in the risk for subclinical spread between in situ and invasive melanoma, 7 but it is consistent with the fact that subclinical extension of melanoma in situ is the most common cause of positive excision margins. 5 Invasive melanomas with a component of melanoma in situ are known to have an increased risk for positive excision margins. 5 It is possible that a substantial percentage of invasive melanomas in our cohort did not have a component of melanoma in situ. However, we could not assess this characteristic, since pathology reports did not routinely include this histopathologic finding.
Melanomas had more than twice the risk for positive or equivocal margins if patients underwent [1 versus a single preoperative diagnostic biopsy (multivariate analysis, OR 1.92 95% CI 1.23-2.99, P = .004). This novel finding does not indicate that multiple biopsies cause positive margins. Rather, it suggests that if preoperative scouting biopsies are necessary to delineate clinically ill-defined margins, one might expect an increased risk for positive or equivocal excision margins. In contrast with previous studies, 5 extension of melanoma to the margin of the biopsy did not predict positive excision margins on multivariate analysis in our study.
Age was the only statistically significant patientrelated factor associated with positive margins. For every 10-year increase in age, the odds of positive or equivocal margins increased by 48.6%. When age was dichotomized by the mean age of the sample population, the odds of a positive or equivocal margin were 2.75 times higher (multivariate stepwise regression analysis, OR 2.75, 95% CI 1.30-5.82, P = .008) in patients who were 61 years or older versus those who were 60 years or younger. This finding is consistent with previous publications correlating increased patient age with a greater risk for positive margins after excision, 5, 7, 40, 41 and local recurrence. 2 The most likely reason for this association is dulled contrast between the clinically visible melanoma and the surrounding sun-damaged skin.
Our study has limitations. Our study likely understates the rate of positive margins, since histologic margins of all specimens in our cohort were examined by breadloaf sectioning, which samples only a small percentage of the microscopic margin. [42] [43] [44] We did not evaluate the impact of positive or equivocal margins on local recurrence rates in our cohort. However, previous authors have demonstrated that positive margins after WLE significantly increased the risk for local recurrence. 5 Moreover, the risk factors for positive or equivocal margins and local recurrence 2 and for incompletely excised melanomas to develop local recurrences were similar. 1 Although previous studies have demonstrated that the fear of recurrence causes patients psychological distress.
10,11 our study did not evaluate the impact of positive or equivocal margins on patient-reported psychological outcomes. Finally, although documentation of the size of the surgical margins of the WLE was not available for 32 cases, sensitivity analysis demonstrates that inclusion of these cases did not affect the results of the multivariate analysis.
In conclusion, noncompliance with recommended margins and anatomic location in functionally or cosmetically sensitive areas are the most powerful risk factors for positive or equivocal margins after WLE. To optimize surgical outcomes, patients at increased risk for positive margins might benefit from delaying reconstruction until clear microscopic margins have been confirmed with Mohs micrographic surgery with frozen-section melanocytic immunostains or exhaustive margin control with expedited formalin-fixed paraffin-embedded sections. 
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